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(57) ABSTRACT

A weighing apparatus is provided that quantifies an impact
load based on an electrical output from a mass sensor to
prevent damage to the mass sensor by disclosing the degree of
impact to a user. The weighing apparatus includes a weighing
unit on which an object is placed and a mass sensor that
receives the massxacceleration of gravity of the object as a
load and measures mass from an electrical signal correspond-
ing to displacement of an internal structure of the apparatus.
The apparatus quantifies and records the amount of the dis-
placement, and determines acceleration by a numerical cal-
culation from the displacement data. The obtained accelera-
tion quantifies the amount of impact applied on the weighing
apparatus by the object, and may be used to warn the user
when the weighing apparatus is in danger of damage.

6 Claims, 6 Drawing Sheets
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Fig. 3
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Fig. 4
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WEIGHING APPARATUS THAT QUANTIFIES
AMOUNT OF IMPACT

TECHNICAL FIELD

The present invention relates to a weighing apparatus to
measure mass, and particularly concerns a weighing appara-
tus which receives massxacceleration of gravity as a load, and
electrically detects displacement of an internal structure of
the apparatus at that time to measure mass.

BACKGROUND ART

As this type of weighing apparatus, for example, an elec-
tromagnetic balance type electronic balance has been pro-
vided. In the electromagnetic balance type weighing appara-
tus, when a weighing object is placed on a weighing pan, its
load is transmitted to a beam being a load transmission
mechanism, and the beam turns about a fulcrum, and the side
connecting with an electromagnetic unit is also displaced due
to the force. The displacement is sensed by an output voltage
from a displacement detection sensor, current flows to a coil
of'the electromagnetic unit so as to cancel such displacement
and balance said beam, and mass is measured by measuring
the quantity of the electricity (Patent Literature 1).

Mass sensors to be used for weighing apparatuses include
load cell types that use displacement of strain gauges and
electrostatic capacitance types that measure displacement
based on electrostatic capacitance of the sensors and weigh-
ing objects, besides the electromagnetic balance types
described above, and all mass sensors are the same in the
point of receiving massxacceleration of gravity as a load, and
measures mass from an electrical signal corresponding to
displacement of an internal structure of the apparatus at that
time.

Such weighing apparatuses have been recently introduced
into production lines to perform weighing automatically such
as production facilities, and particularly, on a production line
called an automated machine, a weighing object is automati-
cally placed on the weighing apparatus and mechanically
measured by use of a production fixture using an actuator
such as a motor or air cylinder.

CITATION LIST
Patent Literature

Patent Literature 1: Japanese Published Unexamined
Patent Application No. 2002-340665 (paragraph [0012], FIG.
1, etc.)

SUMMARY OF INVENTION
Technical Problem

However, when the conventional weighing apparatus is
used for the production line described above, unlike by a
manual operation, contact between the weighing object and
weighing pan cannot be judged in the automated machine,
and accordingly, the weighing object cannot be gently placed
on the weighing pan. Usually, for the weighing pan of the
weighing apparatus, a shock absorbing mechanism (com-
monly called a shock absorber) consisting of leaf springs or
coil springs has been provided as a counter measure against
overload, however, it is known that such a shock absorber
functions in response to a quasi-static load that is applied
slowly, but does not function when acceleration to be applied
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2

to the weighing pan is a problem, that is, to such an impact
load that causes damage before energy is absorbed.

Therefore, an impulsive load may have been applied to the
mass sensor due to the adoption of an automated machine,
which caused damage in many cases. To cope therewith, a
user has no way of judging whether the usage on the produc-
tion line is in an impulsive manner, and a problem has arose
that the user grows uncertain of the weighing apparatus itself
as to why damage to the mass sensor occurs despite his/her
measuring mass within a prescribed weighing capacity.

The present invention has been made in view of the prob-
lems of the conventional techniques, and an object thereof is,
first, to provide a method of quantifying an impact load to be
applied to a weighing apparatus based on an electrical output
from a mass sensor, and second, to provide a weighing appa-
ratus which prevents damage to the mass sensor by disclosing
that degree of impact to a user.

Solution to Problem

In order to achieve the above-mentioned object, a first
aspect of the invention includes an impact load quantifying
method including, by a weighing apparatus including a
weighing unit on which a weighing object is placed and a
mass sensor that receives its massxacceleration of gravity as
a load and measures mass from an electrical signal corre-
sponding to displacement of an internal structure of the appa-
ratus at that time, quantifying and recording an amount of the
displacement, and determining acceleration by a numerical
calculation from said displacement amount data.

A second aspect of the invention includes an impact load
quantifying method, in which the weighing apparatus accord-
ing to the first aspect of the invention is an electronic balance
including an electromagnetic balance type mass sensor, in
which when a measuring object is placed on the weighing
unit, a load transmission mechanism being the displacement
unitis displaced via a fulcrum, and displaced so as to maintain
a balanced state by an electromagnetic unit connected with
said load transmission mechanism, and said displacement
amount is detected by a voltage output of a displacement
detection sensor, and quantifies an output voltage of the dis-
placement detection sensor, records said voltage data as dis-
placement amount data corresponding thereto, and deter-
mines acceleration by a numerical calculation from said
displacement amount data.

A weighing apparatus according to a third aspect of the
invention includes a weighing unit on which a weighing
object is placed and a mass sensor that receives its massx
acceleration of gravity as a load and measures mass from an
electrical signal corresponding to displacement of an internal
structure of the apparatus at that time, and includes an impact
load quantifying means that quantifies and records an amount
of the displacement, and determines acceleration by a
numerical calculation from said displacement amount data.

In a fourth aspect of the invention, the weighing apparatus
according to the third aspect of the invention is an electronic
balance including an electromagnetic balance type mass sen-
sor, in which when a measuring objectis placed on the weigh-
ing unit, a load transmission mechanism being the displace-
ment unit is displaced via a fulcrum, and displaced so as to
maintain a balanced state by an electromagnetic unit con-
nected with said load transmission mechanism, and said dis-
placement amount is detected by a voltage output of a dis-
placement detection sensor, including an impact load
quantifying means that quantifies an output voltage of the
displacement detection sensor, records said voltage data as
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displacement amount data corresponding thereto, and deter-
mines acceleration by a numerical calculation from said dis-
placement amount data.

A fifth aspect of the invention is the weighing apparatus
according to the third or fourth aspect of the invention, includ-
ing a degree of impact transmitting means that calculates
from the acceleration obtained by the impact load quantifying
means an impact value corresponding thereto, and notifies a
user.

Advantageous Effects of Invention

According to the first and third aspects of the invention,
most of the mass sensors to be used for weighing apparatuses
have a function of receiving massxacceleration of gravity as
a load and outputting an electrical signal corresponding to
displacement of an internal structure of the apparatus at that
time. Accordingly, by quantifying and recording the amount
of displacement of the displacement unit as displacement
amount data from such an electrical signal, and detecting the
displacement value as a change in the displacement amount
per unit time, a “velocity” in response to the load of the mass
sensor can be determined. Further, by detecting the obtained
velocity as a change in velocity per unit time, an “accelera-
tion” in response to the load of the mass sensor can be deter-
mined.

According to the second and fourth aspects of the inven-
tion, in the electromagnetic balance type mass sensor, dis-
placement is detected as voltage. Because the output voltage
has a proportional relationship with a displacement amount of
the load transmitting mechanism when a load is applied, by
quantifying such voltage for recording as displacement
amount data, and detecting the obtained displacement value,
a “velocity” in response to the load of the mass sensor can be
determined. Further, by detecting the obtained velocity, an
“acceleration” in response to the load of the mass sensor can
be determined.

As above, the acceleration obtained by a numerical calcu-
lation from the displacement amount indicates the degree of
impact to be applied to the weighing apparatus, that is, an
acceleration received by the mass sensor. Accordingly, the
greater the degree of impact to be applied to the weighing
unit, the greater acceleration is detected, so that whether the
weighing apparatus is used in an impulsive manner, which
has conventionally been unclear, can be quantified (repre-
sented by numerical values).

According to the fifth aspect of the invention, for an accel-
eration quantified by the impact load quantifying means, by
measures such as setting an acceleration that is obtained in the
case of a manual operation as an already-known reference
value, the degree of impact (level of impact) can also be
quantified. Moreover, disclosing this as an impact value
allows easy recognition of whether the weighing apparatus is
used in a harsh manner. Thus, damage to the mass sensor can
be prevented, and the uncertainty having been felt by the user
can also be eliminated.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a sectional view of a mechanical section of an
electromagnetic balance type weighing apparatus, showing
an example of an implementation object of the present inven-
tion.

FIG. 2 is a simplified configuration diagram of the above-
mentioned mechanical section.

FIG. 3 is an operation flowchart for impact load quantifi-
cation.
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FIG. 4 is a graph showing changes in voltage value when a
weighing object is manually placed.

FIG. 5 is a graph showing changes in voltage value when a
weighing object is placed by an automated machine.

FIG. 6 is a graph of voltage values when a weighing object
is manually placed and when placed by an automated
machine, converted to displacement values.

FIG. 7 is a graph of displacement values when a weighing
object is manually placed and when placed by an automated
machine, converted to velocity values.

FIG. 8 is a graph of velocity values when a weighing object
is manually placed and when placed by an automated
machine, converted to acceleration values.

DESCRIPTION OF EMBODIMENTS

Next, preferred embodiments of the present invention will
be described based on examples of application, as a weighing
apparatus, to an electronic balance including an electromag-
netic balance type mass sensor. FIG. 1 is a sectional view of a
mechanical section of an electromagnetic balance type
weighing apparatus, showing an example of an implementa-
tion object of the present invention, and FIG. 2 is a simplified
configuration diagram of the above-mentioned mechanical
section.

Reference numeral 1 denotes an upper sub-rod, and refer-
ence numeral 2 denotes a lower sub-rod disposed parallel to
the upper sub-rod, and one-side ends of both sub-rods 1 and 2
arerespectively connected via springs 7 and 8 to a frame 3 that
supports the entire mechanism. On the other hand, the other-
side ends of these upper and lower sub-rods 1 and 2 are
connected so as to be movable up and down with a floating
frame 6 via springs 7 and 8 having the same configuration as
the above. The frame 3, the upper and lower sub-rods 1 and 2,
and the floating frame 6 compose a Roberval mechanism. The
floating frame 6 has a weighing pan (weighing unit) 16 placed
thereon, and thereon a weighing object is placed.

On the other hand, the frame 3 stores therein an electro-
magnetic unit 20. The electromagnetic unit 20 consists of a
yoke 9, an electromagnet 10 disposed in the yoke 9, a pole
piece 11 located at an upper portion of the electromagnet 10,
and a coil 12 located around the pole piece 11. The coil 12 is
wound around a bobbin 13, and such a bobbin 13 is fixed to a
beam 14 (load transmission mechanism being a displacement
unit), and arranged so as to rise and fall together with the
beam 14. The beam 14 is connected to the frame 3 by a
support bearing 15, and is also arranged so as to turn about the
support bearing 15 used as a fulcrum. In addition, there is an
arrangement for a turn of the beam 14 by stoppers 19 provided
at upper and lower positions of the beam near an optical
sensor 18 so as not to cause displacement at a prescribed value
or more.

In the above-mentioned configuration, when a weighing
object is placed on the weighing pan 16, its load is transmitted
to the floating frame 6, and guided by the Roberval mecha-
nism while being transmitted to the beam 14 via a commonly
called sling (tension bearing) 17 to apply force to the beam 14
s0 as to turn about the support bearing 15 used as a fulcrum,
and the beam 14 is displaced in response to the load on the
pan. The force is transmitted to the coil 12 via the bobbin 13
connected to the beam 14, and intends to displace the coil 12.
Such displacement is detected based on an output voltage
from the optical sensor (displacement detection sensor) 18
consisting of an inferred LED and a photodiode, and current
is supplied to the coil 12 so that an electromagnetic force is
generated in a direction to eliminate the displacement (direc-
tion to reach an original balanced state before the load is
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applied). By measuring the current supplied to the electro-
magnetic unit 20, mass of the weighing object is measured.
The weighted value thus measured is displayed on a display
unit 24 (not shown) of the balance.

In addition to the conventional configuration as above, for
the optical sensor 18, an A/D converter 21 to A/D-convert a
sensor output voltage and a memory 22 connected to the A/D
converter 21, and a CPU 23 connected to the A/D converter 21
and the memory 22 for an impact load quantifying means to
be described later are provided. Moreover, the electromag-
netic balance type electronic balance of the present applica-
tion includes an impact load quantifying means and a degree
of impact transmitting means in the CPU 23. Description
thereof will be specifically given together with a flowchart to
be described later.

The operation in an impact load detection mode of the
electromagnetic balance type electronic balance of the
present application will be described based on a flowchart
shown in FIG. 3.

When it enters the impact load detection mode, first, in step
1, an output voltage from the optical sensor 18 regarding
displacement of the beam 14 is A/D-converted with a constant
period T (sampling period, as an example, T=2 msec), and the
result is stored in the memory 22 as displacement amount data
P(n) of the beam 14. The output voltage and beam displace-
ment have a proportional relationship on a product by product
basis depending on design (for example, an output voltage of
640 mV in a product corresponds to displacement of 0.22
mm.)

Next, in step 2, velocity data V(n) of the beam 14 is calcu-
lated by the CPU 23 from the displacement amount data P(n)
stored in the memory 22, and the result is stored in the
memory 22. The calculation of the velocity data V(n) is per-
formed, as an example, by the following formula (1) in which
a differential is approximated by a difference.

Vi) ={P()-P(n-1)}/T M

Here, P(n) represents current displacement data, P(n-1) rep-
resents last displacement data, and T represents a sampling
period.

Next, in step 3, acceleration data G(n) of the beam 14 is
calculated by the CPU 23 from the velocity data V(n) stored
in the memory 22, and the result is stored in the memory 22.
The calculation of the acceleration data G(n) is performed, as
an example, by the following formula (2) in which a difter-
ential is approximated by a difference.

Gy={Ve)-vm-D)}/T @

Here, V(n) represents current velocity data, V(n-1) repre-

sents last velocity data, and T represents a sampling period.
Next, in step 4, a parameter S(n) to serve as an impact value

to be applied to the mass sensor is calculated by the CPU 23

from the displacement amount data P(n), velocity data V(n),

and/or acceleration data G(n) of the beam 14 stored in the

memory 22, and the result is stored in the memory 22. The
calculation of the impact value S(n) is performed, as an

example, by the following (i) to (iv).

(1) With beam displacement not less than prescribed, there is
a possibility that the beam 14 has hit the stoppers 19 to
receive an impact. Thus, the displacement amount data
P(n) is adopted as a parameter of an impact value S(n)
(Formula (3)).

S1(n)=laxP(n) ©)

Here, a represents an adjustment factor.
(i1) As expressed by F=ma (F: force, m: mass, a: acceleration),
it can be understood that the acceleration is related to the
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6

impact force because the mass of the beam 14 is constant.
Accordingly, the acceleration data G(n) is adopted as a
parameter of an impact value S(n) (Formula (4)).

S2(n)=IbxG(n)! 4

Here, b represents an adjustment factor.

(iii) Next, an impact value S(n) is calculated from S1(») and
S2(n).

The calculation of the impact value S(n) is performed, as an
example, by the following formula (5).

S)=S1(n)+S52(n) )]

(iv) In addition, when the impact value S(n) is calculated from
S1(n) and S2(n), it is also preferable to include a temporal
factor according to necessity.

Next, in step 5, a result corresponding to the calculated
impact value S(n) is displayed on the display unit 24 of the
electronic balance. Thereafter, the operation returns to step 5,
a display of an impact value S(n) is repeated. As a method of
disclosing the impact value S(n), the following method can be
considered for instance.

(D) For a quantified impact value S(n), an impact value S(n)
obtained from acceleration data G(n) obtained in the case
of'a manual operation is set as an already-known reference
value, and in the case of exceeding this, the level of impact
is displayed by a level meter. The more bar displays, the
greater the degree of impact, and the less bar displays, the
smaller degree of impact.

(IT) When the impact value S(n) exceeds a limit value pre-
scribed by a load test in design, a warning is displayed or a
warning sound is issued for a fixed time.

In the above, step 1 to step 3 correspond to an impact load
quantifying means, and step 4 to step 5 correspond to a degree
of impact transmitting means.

FIG. 4 to F1G. 8 show graphs of data obtained in the impact
load detection mode described above, using an electromag-
netic balance type electronic balance with a weighing capac-
ity of 6100 g, when a weight (weighing object) of 3 kg is
manually placed and when a speed controller of an automated
machine is set to low speed and the weight is automatically
loaded.

First, FIG. 4 is a graph showing changes in voltage value
when a weighing object is manually placed, and FIG. 5 is a
graph showing changes in voltage value when a weighing
object is placed by an automated machine. The horizontal
axis shows the time [sec], and the vertical axis shows the
output voltage [mV] from the optical sensor 18. Convention-
ally, such output voltage from the optical sensor 18 has been
consistently used only for sensing displacement of the beam
14, and therefore has never been monitored in this manner. In
the present application, however, such output voltage is
actively scaled, and effectively used as a material for quanti-
fying an impact load.

Next, FIG. 6 is a graph of voltage values when a weighing
object is manually placed and when placed by an automated
machine, converted to displacement values, that is, the volt-
age values in FIG. 4 and FIG. 5 respectively converted to
displacement values. The horizontal axis shows the time
[msec], and the vertical axis shows the displacement value
(distance) [mm] of the beam 14.

Next, FIG. 7 is a graph of displacement values when a
weighing object is manually placed and when placed by an
automated machine, converted to velocity values, that is, the
displacement values in FIG. 6 respectively converted to
velocity values. The horizontal axis shows the time [msec],
and the vertical axis shows the velocity value (distance) [m/s]
of the beam 14.
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Next, FIG. 8 is a graph of velocity values when a weighing
object is manually placed and when placed by an automated
machine, converted to acceleration values, that is, the accel-
eration values in FIG. 7 respectively converted to acceleration
values. The horizontal axis shows the time [msec], and the
vertical axis shows the acceleration value (distance) [m/s*] of
the beam 14.

A comparison of the finally obtained acceleration values
shows that it is almost constant at approximately 0.3 m/s* in
the case of manual placement, whereas in the case of auto-
matic loading, it has reached 1.7 m/s at the maximum. A load
to be detected at maximum acceleration in automatic loading
is equivalent to 3 kgfx(1.7/0.3)=17 kgf when converted to a
manually placed static load, which shows that an instanta-
neous stress onto the mass sensor exceeds the prescribed
weighing capacity, and this is a harsh condition for the bal-
ance.

According to the present example, in the electromagnetic
balance type mass sensor, displacement is detected as an
output voltage from the optical sensor 18. Because the output
voltage has a proportional relationship with a displacement
amount of the beam 14 when a load is applied, by quantifying
such voltage for recording as displacement amount data P(n),
and subjecting the same to a second order differential (nu-
merical calculation), acceleration data V(n) in response to the
load of the mass sensor can be determined. This acceleration
indicates an acceleration received by the mass sensor, that is,
corresponds to the degree of impact to be received by the mass
sensor of the weighing apparatus. Thus, as aresult of the value
of acceleration V(n) being specifically quantified by the
impact load quantifying means, whether the weighing appa-
ratus is used in an impulsive manner, which has convention-
ally been unclear, can be quantified. Further, as a result of
including the degree of impact transmitting means along with
the impact load quantifying means, an impact value S(n) can
also be quantified from a quantified acceleration V(n). More-
over, disclosing this to the user allows easy recognition of the
fact that the adoption of an automated machine has caused an
impulsive usage of the balance even when a mass within the
prescribed weighing capacity is being measured, and thus by
measures such as having the settings of the automated
machine changed, damage to the mass sensor can be pre-
vented, and the uncertainty having been felt by the user can
also be eliminated.

Although, in the above-described example, description has
been given for an example of the weighing apparatus loaded
with an electromagnetic balance type mass sensor, even a
weighing apparatus loaded with a load cell type or electro-
static capacitance type mass sensor can similarly quantify an
impact load. All mass sensors are the same in the point of
receiving massxacceleration of gravity as a load when a mea-
suring object is placed on the weighing pan (weighing unit).
Moreover, in the load cell type, because an output voltage
associated with a change in resistance value of the strain
gauge resulting from displacement of the strain element (dis-
placement unit) is converted to a load, the displacement
amount is determined from such output voltage (electrical
signal). In the electrostatic capacitance type, because dis-
placement is measured based on electrostatic capacitance of
the sensor and weighing object and the displacement amount
is converted to a load after conversion to a voltage, a displace-
ment amount is directly obtained from an electrical signal.
That is, because displacement amount data P(n) can be
obtained by either type, from such displacement amount data
P(n), velocity data V(n) can be calculated in the same manner
as in the foregoing step 2, acceleration data G(n) can be
calculated in the same manner as in step 3, an impact value
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8

S(n) can be calculated in the same manner as in the foregoing
step 4, and this can be disclosed in the same manner as in step
5. Thus, the method of detecting an impact load and the
method of notifying the same of the present invention can be
applied to any weighing apparatus as long as it is loaded with
a mass sensor of a type that includes a mechanism to receive
massxacceleration of gravity as a load, and measure mass
from an electrical signal corresponding to displacement of an
internal structure of the apparatus at that time, without limi-
tation to the electromagnetic balance types.

REFERENCE SIGNS LIST

14 Beam (load transmission mechanism being a displacement
unit)

15 Support bearing (fulcrum)

16 Weighing pan (weighing unit)

18 Optical sensor (displacement detection sensor)

20 Electromagnetic unit

22 Memory

23 CPU

The invention claimed is:

1. A weighing apparatus including a weighing unit on
which a weighing object is placed and a mass sensor that
receives its massxacceleration of gravity as a load and mea-
sures mass from an electrical signal corresponding to dis-
placement of an internal structure of the apparatus at that
time, comprising

impact load quantifying means that quantifies and records

an amount of the displacement, determines acceleration
by a numerical calculation from said displacement
amount data, and records said acceleration as a degree of
impact received by the mass sensor on placement, for
judging whether the measurement apparatus is used in
an impulsive manner by a comparison with a value of'a
manually placed static load.

2. The weighing apparatus according to claim 1, wherein
the measurement apparatus is an electronic balance including
an electromagnetic balance type mass sensor, in which

when a measuring object is placed on the weighing unit, a

load transmission mechanism being the displacement
unit is displaced via a fulcrum, and displaced so as to
maintain a balanced state by an electromagnetic unit
connected with said load transmission mechanism, and
said displacement amount is detected by a voltage out-
put of a displacement detection sensor,

comprising impact load quantifying means that quantifies

an output voltage of the displacement detection sensor,
records said voltage data as displacement amount data
corresponding thereto, determines acceleration by a
numerical calculation from said displacement amount
data, and records said acceleration as a degree of impact
received by the displacement detection sensor on place-
ment, for judging whether the measurement apparatus is
used in an impulsive manner by a comparison with a
value of a manually placed static load.

3. The weighing apparatus according to claim 2, compris-
ing degree of impact transmitting means that calculates from
the acceleration obtained by the impact load quantifying
means an impact value corresponding thereto, and notifies a
user whether the measurement apparatus is used in an impul-
sive manner.

4. The weighing apparatus according to claim 2, wherein
the degree of impact is quantified.

5. The weighing apparatus according to claim 1, compris-
ing degree of impact transmitting means that calculates from
the acceleration obtained by the impact load quantifying
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means an impact value corresponding thereto, and notifies a
user whether the measurement apparatus is used in an impul-
sive manner.

6. The weighing apparatus according to claim 1, wherein
the degree of impact is quantified. 5
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